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1. Introduction
There is a growing interest in robots that work alongside humans. However, in the past 
robots have had to be isolated with safety cages in order to avoid injury to the 
surroundings due to their rapid movements. These robots have the advantage of being 
powerful and precise, yet unsuitable for human interaction.
On the other hand, nature utilizes inherently safe soft and squishy embodiments such as 
tissues, stretchable skins, fibers and muscles to yield dexterous motion patterns with 
large force. Examples range from elephant trunks, octopus arms, snakes etc.  
The purpose of the REU grant was to create a bio-inspired purely parallel soft pneumatic 
continuum manipulator with unprecedented functionality.
4. 𝐌𝐚𝐧𝐢𝐩𝐮𝐥𝐚𝐭𝐨𝐫 𝐓𝐨𝐩𝐨𝐥𝐨𝐠𝐲: 𝐁𝐑𝟐
Through testing several systems, the BR2 (Bending Rotation squared) system has always 
been the one that has given the best results. This is a parallel design composed of one 
FREE that is purely extending (α = 700, β = -700), two FREEs that purely rotate in opposite 
directions (α = 600, β = 00 and α = 00, β = 600)
6. MOCAP
2. Fiber Reinforced Elastomeric Enclosures (FREEs)
The building blocks of soft robot systems are novel pneumatic actuators known as FREEs, 
Fiber Reinforced Elastomer enclosures. FREEs are made of inelastic fibers, latex 
elastomers, adhesives, and liquid latex. 
Once they are pressurized with fluids, deformation occurs according to its predetermined 
fiber angles (α, β).
5. Deflection
7. Potential Applications
3. Individual Actuators
8. Future work
• Use of different fluids to provide pressure
• Scaling down size for medical application
• Improve and automate manufacturing process
• Pressure to volume mapping
• 3D printing with flexible materials
And many more…
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a) Pick and place application
b) Human safe automation
c) Wearable assistive devices
d) Assistive feeding
e) Automated guiding
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FREEs have several deflection 
patterns that result from 
different the combinations of 
fiber angles, these include:
• Extension (a)
• Contraction (b)
• Rotation (c)
• Spiral (d)
This deflection continues 
until the fiber angles reach 
the locked configuration, 
54.4°
a) 𝐵𝑅2 deflection
b) Bending only without gravity (50 psi)
c) Bending only with gravity (50 psi)
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In order to validate results from models, 
motion capture (MOCAP) technologies were 
used to accurately measure the deflection of 
prototypes. The image on the right depicts 
the motion capture data points that results 
in half of the workspace of the BR2. Flaws in 
the manufacturing process and the effects 
of coupling does not allow system to reach 
its theoretical workspace
